INTRODUCTION

1
Traffic congestion is becoming a global issue recently. Increasing numbers of private vehicle and 2 a lack of sufficient investment in public transport infrastructure are the main problems faced by 3 Indonesia particularly Jakarta City (1). In 2003, Jakarta Government implemented a 3 in 1 high-4 occupancy vehicle (HOV) policy on several arterial roads in Jakarta CBD for private vehicles (2). 5
In a 3 in 1 policy, private cars with less than three persons are not allowed to travel on arterial 6 roads during morning and evening peak hours. Unfortunately, this policy has not been successful 7 in improving urban transport conditions due to lack of control and some further implementation 8 issues. For example, many people pay brokers to fulfill the minimum number of passengers (3). 9
This led to the revocation of this policy (4). 10
Due to the failures of this policy, there is a movement to replace the 3 in 1 scheme with 11 more comprehensive approach such as Electronic Road Pricing (ERP). It is argued that for the case 12 of Jakarta ERP will produce financial resources for other projects (5). ERP has already been 13 successfully implemented in several countries (5; 6; 7; 8). For example, Singapore has succeeded 14 to shift private car users to use public transport by 10% to 20% (5). The ALS (Area Licensing 15 Scheme) in London has significantly reduced the number of private vehicles (6) . Other examples 16 include Milan (7) and Stockholm (8) Following their findings, this paper contributes to evaluating the potential of ERP 23 implementation in Jakarta by estimating the impact of ERP on mode choice in Jakarta. Another 24 contribution of this paper is the application of recently introduced alternative modeling approach 25 called random regret minimization (RRM) to the study of the impact of ERP policy adoption. RRM 26 is an alternative modeling technique which in contrast to utility maximization (RUM) minimizes 27 anticipated regret (13). Similar to RUM studies, a stated choice (SP) experiment has been 28 conducted in order to collect the data. It is important to explain clearly to the respondents the 29 benefit of ERP to increase public acceptance. Thus the respondents are told prior the survey that 30 the ERP will contribute to for example improving public transport, building new infrastructure, 31 financing transport services, etc. Since the emphasis is in the "contribution," in this research the 32 term ERP or congestion charging is replaced by "contribution cost," in order to avoid any negative 33 perception during the survey and present the positive message that the respondents will contribute 34 to improving the present public transport system. In this paper, not only the model estimates are 35 presented but also other indicators such as the value of travel time savings and demand elasticities. 36
The remainder of this paper is structured as follows. The next section presents the history 37 of RRM and its theoretical application. This section is followed by the description of survey design 38 and data collection followed by the descriptive analysis of the data. alternative from sets of available alternatives wishing to avoid a situation where a chosen 46 alternative turns out to be less attractive than other non-chosen alternatives, which causes regret. 1 As a result, the individual is assumed to minimize anticipated regret as opposed to maximizing 2 her/his utility when deciding. According to Chorus (13) , the earlier version of RRM (14) has two 3 limitations, therefore to alleviate those limitations, Chorus (13) proposed a new RRM-approach. 4
In the RRM framework, the regret associated with alternative i is obtained by formula in Eq.1 5 (13). 6 
DATA AND DESCRIPTIVE ANALYSIS 22
Survey Design and Data Collection 23
The survey was designed to understand the respondents' mode choice preference if the government 24
were to implement contribution cost on some arterial roads in Jakarta's CBD. The respondents 25 received an explanation that the contribution cost will be used by the government to build 26 infrastructures and to improve the performance and quality of public transport system in Jakarta. 27
The respondents are those who live in Jakarta and pass through those arterial roads for their daily 28 acitivities. Since the discussion is about arterial roads, note that non-motorized alternative modes 29 such as walk and bicycle are not included in the survey. There are four alternative modes in this 30 study that mostly pass through arterial roads in Jakarta: public transport (PT), park and ride, car, 31 and motorcycle. The respondents were informed that public transport refers to all regular public 32 transport services such as TransJakarta (Jakarta Bus Rapid Transit), commuter rail, regular bus, 33
and mini-bus. The respondents were also told that park and ride refers to the usage of private 34 vehicle to a PT terminal and park their vehicle there before continuing the trip using PT. In 2011, 35 the Jakarta Government have provided five park and ride facilities and they are planning to provide 36 19 more facilities to support commuting activities in Jakarta Greater Area (25). 37
The questionnaire is divided into three parts; the first part is the stated preference (SP) 38 survey which asked about 12 sets of labeled choice experiments with full sets of the attributes 39 including travel time, travel cost, waiting time to board the first PT vehicle, number of transfer, 40 contribution cost and parking cost. The second part is a further SP survey, with eight sets of labeled 41 choices set which only contain travel time, and travel cost as attributes. The data were collected using ETH Zurich online survey tools (www.selectsurvey.ethz.ch). 10
The survey link was distributed in several social media groups (Facebook, Instagram, Twitter, and 11 WhatsApp) and also to some colleagues asking their help to distribute the questionnaire. A survey 12 company also helped to find some respondents and helping the respondents fill out the 13 questionnaire. After some data cleaning, 507 respondents in total completed the questionnaire in 14 full, with total 6,003 observations for part 1 of the survey and 4,011 observations for part 2 of the 15 survey. The difference in the number of observations is due to, as mentioned above, the difference 16 in the number of choice experiments. 17
Descriptive Analysis 18 Table 2 illustrates sociodemographic characteristics of the respondents. The majority of 19 respondents are below 39 years old with 25-39 years old being the highest proportion. The male 20 respondents are slightly more represented than female respondents with a share of 54.04%. 21
Regarding income level, the 2017 provincial minimum wage issued by the government is IDR 22 3,355,750 per month (26). Still about 13.60% earn less. The highest proportion is those who are in 23 the top category. 24
In the right column, gender and age proportion of 9,607,787 Jakarta inhabitants from the 25 2010 population census (27) are presented. Since the proportion of age category of the sample is 26 not similar to the population proportion, the weight calculation are performed using "post-stratified 27
weights 
MODEL ESTIMATION 2
In accordance with the two parts of the questionnaire, there are two models estimated in this paper. 3
The first model incorporates all attributes in Table 1 including contribution cost. The second model 4 only incorporates two attributes, travel time and travel cost. These two models give better idea of 5 incorporating contribution cost or not in the mode choice model. The estimation method is 6 maximum likelihood estimation with PythonBiogeme (28). The result can be found in Table 3 . 7
The interpretation of parameter estimates in RRM context is different than RUM. In RUM 8
context, for example, multinomial logit model (MNL), a parameter estimate refers to increase or 9 decrease in the utility of an alternative caused by a one-unit increase or decrease in an attribute's 10 value. Whereas in RRM context, a parameter estimate refers to the potential increase or decrease 11 in regret associated with comparing a considered alternative with the competing alternative in term 12 of one unit increase in an attribute's value. To confirm whether an attribute is important for the 13 choice probability, the direct elasticities needs to be calculated (in the next section). 14 For all models, the parameter estimates are significant with the expected sign (negative) 15 except for parking cost. The insignificant result of parking cost parameter is quite surprising since 16 other study, for example, in Swiss context which incorporate similar attributes found that parking 17 cost is significant (29). There are three possible reasons for this. The first one might be due to 18 people can park anywhere on the street (on-street parking), and there is no strict regulation to 19 prohibit them in doing so especially in the street where there is no "no parking" sign (30 This is interesting since, with the presence of contribution cost, car is still more preferred. Another 1 possibility might be due to the respondents are not familiar with the term "park and ride." For 2 model 2, with only travel time and cost, there is only one significant difference in ASC. Motorcycle 3 is less preferred compared to car. 4
TABLE 3 Model Estimation 5
Since the number of parameter and observations are different, perhaps the final-LL and 6 AIC can not be compared. However Rho-square and BIC can be compared. Looking at rho-square 7
and BIC it appears that fewer attributes give better model fit in this context. This might indicate 8 that the parsimonious model is sufficient for Jakarta case. 9
At the bottom of the table, hit rate and out of sample hit rate are presented. Hit rate refers 10 to the fit between actual choice observed in the data and the predicted choice obtained from the 11 model result. The higher percentage of hit rate shows how close the model in representing reality. 12
To do a validation, out of sample hit rate was performed. The data was divided into two part, the 13 first part (2/3) of the data was used for estimation, and then the estimation result was used to 14 simulate the probability using the other part (1/3) of the data. For validation, the was repeated five 15 times and the average hit rates are presented at the bottom of 
22
The mean value of travel time savings for two models and also contribution cost for the 23 first model are presented in Table 4 . In the RUM context, higher VTTS can be interpreted as 24 individual is willing to pay more in order to gain time in the respected mode. In the RRM context, 25 the interpretation would be that individual is willing to pay more in order to gain time in the mode 26 considered relative to the performance of other competing modes. Higher VTTS for RRM context 27 might also be interpreted as the more individual is willing to pay to minimize regret experienced 28 by choosing that respective mode. It is interesting that the VTTS of public transport is the highest 29 compared to other modes. 30
The comparison of these two models show that incorporating contribution cost (and also 31 other attributes) increase the willingness to pay to minimize regret in the respected mode. However, 32 the addition of contribution cost does not change the rank of VTTS for four modes, public transport 33 is the highest, followed by park and ride, car, and motorcycle. It can also be interpreted that with 34 the addition of contribution cost, the preference to choose an alternative does not change, which 35 means individuals still prefer to use car and motorcycle. 36
TABLE 4 Value of Travel Time Savings 1
Based on the 2017 provincial minimum wage, the minimum hourly wage for Jakarta is 2 calculated. It is approximately IDR 20,000. It appears that the average VTTS even for Model 2 3 motorcycle is higher than the minimum hourly wage. The average hourly wage for 507 samples is 4 approximately IDR 70,000. It is higher than average VTTS for all modes in Model 2 but it is 5 slightly lower than motorcycle VTTS in Model 1. 6
In order to provide a better depiction of the VTTSs and contribution cost distribution, they 7 are plotted by alternative modes in Figure 1 . At the x-axis, this paper presents the alternatives 8 modes and at the y-axis, the VTTS in IDR 1,000 per hour is presented. 
Demand Elasticities 12
As mentioned before, parameter estimate in RRM context does not translate to the importance of 13 a particular attribute as a determinant of choice behavior. Therefore, in order to find the importance 14 of an attribute, it is necessary to measure the direct point elasticities. Direct point elasticity shows 15 the relationship between percentage changes in the magnitude of the attribute of alternative i on 1 the choice probability of alternative i . As shown in Eq.5 the probability of non-chosen alternative ( jq P ) is also influence the 6 elasticity of an attribute of the chosen alternative. 7
In order to account for sampling bias, it is necessary to calculate the aggregate direct point 8
elasticities ( Each sample on the data set is weighted according to the representation of his/her age and gender 14 category in Jakarta population data set (26). 15
The aggregate direct point elasticities for all alternatives and all attributes is presented in 16 Table 5 . It can be observed that in Model 1 and Model 2, travel time is elastic for public transport, 17 park and ride and car. For the public transport case, it can be interpreted that a 10% increase in the 18 travel time of public transport, assuming travel time of other three alternatives modes do not 19 change, resulting in a 12% reduction in probability of choosing public transport. 20
Overall it can be seen that for Model 1, all attributes are nearly inelastic except for public 21 transport, park and ride, and car travel time. It shows that travel time is an important attribute for 22 choosing those modes. The higher elasticity is for park and ride travel time. The results show that 23 policies to reduce park and ride travel time might increase the probability to choose that mode. As 24 expected, parking cost is nearly inelastic since it is not significant in the model. 25
Contribution cost seems more influential for car compared to motorcycle. Therefore, 26 applying and increasing contribution cost might actually reduce the probability to choose car. 27 Regarding small effects of the contribution cost, there is a possibility that since the benefit of 28 congestion pricing prior the survey was explained clearly before the survey, car/motorcycle driver 29 might "accept" the benefit of pricing for society. Therefore the higher the congestion pricing might 30 not give a substantial decrease in the probability to choose a car or a motorcycle. 31 32 The results in Model 2 show that with only two attributes, the travel time of public transport, 2 park and ride, and car are elastic. Those three modes travel cost and also motorcycle travel time 3 are nearly elastic. The high travel time and travel cost for car might be a good sign that to reduce 4 the probability to choose car, it is necessary to implement policy to increase car travel time and 5 travel cost. Overall Model 2 travel time and travel cost elasticities are substantially higher than 6 travel time and travel cost elasticities for Model 1 as shown in the percentage difference. 7
CONCLUSION
8
This paper discusses the influence of the implementation of contribution cost in an arterial road in 9 Jakarta towards Jakartans mode choice decision to pass an arterial road. The method utilized for 10 model estimation in this paper is the recently introduced alternative model called random regret 11 minimization (RRM). In RRM when deciding, an individual is assumed to minimize anticipated 12 regret as opposed to maximizing the utility. The reason to implement RRM is that, paying for 13 contribution cost for private vehicle can lead to a regret of choosing an alternative for example car 14 or motorcycle in comparison to choosing a public transport. This is the first paper that utilized 15 RRM for contribution cost implementation in Jakarta and also the first that presents the calculation 16 of VTTS and demand elasticities based on RRM for Jakarta case. motorcycle are nearly inelastic, however the contribution cost of car is substantially higher than 5 motorcycle. That means implementing contribution cost and increasing it might influence the 6 probability of choosing car to pass through an arterial road in Jakarta CBD. The small effect of 7 contribution cost might be because the respondents were clearly explained prior the survey about 8 the benefit of contribution cost. Therefore, this would be a positive message, if the respondents 9 have accepted the need for more revenues for public transport/roads improvements. 10
There are several limitations to this study. The incorporation of only mode choice attributes 11 might not be enough to explain mode choice decision. There are other characteristics such as 12 income, age, gender and perhaps travel distance that can be interacted with the attributes to 13 increase the predictability of the model. The sample selection might also be bias, since it does not 14 closely represent the population as shown in Table 1 . For example more than 50% of the 15 respondents are on school age (below 24). While the young worker age (25-39) is less represented. 16 For aggregate elasticities, the sample weighting might remove that bias, however, more 17 representative samples might be needed. 
